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SI 3. Physical Characterization
X-ray powder diffraction (XRPD) patterns were obtained with a Philips X'Pert diffractometer using the copper radiation (Cu-Ka = 1.54178 Å) in the 2-70 o region with a step size of 0.05 o .
Attenuated total reflectance Fourier transform infrared spectroscopy (ATR-FTIR) were collected in an Agilent Cary 630 FTIR spectrometer in the 4000-650 cm -1 range in absence of KBr pellets.
Thermogravimetric analysis (TGA) of all samples was carried out in a Mettler Toledo TGA/SDTA 851 apparatus in the 25-800 o C temperature range, using a 5 o C•min -1 scan rate and an air flow of 100 mL•min -1 . Carbon, nitrogen and hydrogen contents were determined by microanalytical procedures by using a LECO CHNS. Field emission scanning electron microscopy (FESEM) and energy-dispersive X-ray spectroscopy (EDX) studies were carried out on a Hitachi S-4800 microscope at an accelerating voltage of 20 kV and 30 seconds of Au/Pd metallization of the samples. High-resolution transmission electron microscopy (HRTEM) studies were carried out in a Tecnai G2 F20 operating at 200 kV. The samples were prepared by drop casting of a sonicated sample solution in ethanol on a lacey Formvar/carbon copper grid (300 mesh).
Exfoliation of the LDHs was carried out with a horn-probe sonic tip VibraCell VCX 750 W under cooling. For the solubility study, 20 mg of CoAl-CO 3 or CoAl-DS were dissolved in 20 mL of the selected solvent (see the solvent list in SI 7) during 1 h at 25 % amplitude using a tapered microtip with 3 mm diameter. Afterwards, the stock dispersion was sonicated in a Hettich Mikro 220R centrifuge during 90 min at 1500 r.p.m. and the supernatant solution was decanted and characterized. Extinction spectra were measured on a Perkin Elmer 650 spectrometer in quartz cuvettes. To distinguish between contributions from scattering and absorbance to the extinction spectra, dispersions were measured in an integrating sphere using a home-built sample holder to place the cuvette in the centre of the sphere. A measurement on each dispersion was performed outside the sphere to obtain the extinction spectrum. For the best solvents, 500 mg of CoAl-CO 3 or CoAl-DS were dissolved in 50 mL of the selected solvent (CHP or 1-Pentanol, respectively) in a metal beaker for 4 h with a pulse of 6 s on -2 s off at 60 % amplitude in order to have a higher volume of the suspension for the characterization. Afterwards, the stock dispersion was centrifugated in a Hettich Mikro 220R centrifuge during 90 min at 1500 r.p.m. and the supernatant solution was decanted and characterized. Bright-field transmission electron microscopy TEM imaging of the nanosheets was performed using a JEOL 1010, operated at 80 kV. Dynamic light scattering (DLS) measurements were recorded at 25 °C with a Zetasizer Nano ZS instrument from Malvern Instrument Ltd on the exfoliated suspension. Atomic force microscopy (AFM) was carried out using a Bruker Dimension Icon microscope in tapping-mode.
The samples were prepared by spin coating the dispersions on Si/SiO 2 wafers. Bruker Scanasyst-Air 0.01-0.025 Ohm-cm Antimony (n) doped Si tips (RTESP-300) with a spring constant of 40 N•m -1 were used to obtain the images.
For the electrode preparation, bulk CoAl-CO 3 and nanometric CoAl-CO 3 modified electrodes were prepared as described by Hu et al. 2 First, a dispersion composed of 5 mg of powder material and 10 mL of deionized water was sonicated in order to obtain a well-dispersed suspension. 10 µL was drop-casted in a previously polished (sequentially with 1.0, 0.3 and 0.05 µm alumina powder) 3 mm Glassy Carbon electrode. Afterwards, the solvent was evaporated at 110 o C. For preparing the corresponding exfoliated sample, a volume of the dispersion was dropcasted in order to achieve a mass loading of 0.07 mg•cm -1 . For NiFe-CO 3 measurements, modified electrodes were prepared by drop-casting the catalyst on Ni foam electrode with a geometric surface area of about 1 cm 2 . Ni foam was used in order to reach lower overpotentials for this typical electrocatalytical LDH. 3 Then, the solvent was let evaporated at 110 o C. The mass loading achieved was 0.1 mg•cm -2 .
Electrochemical tests were carried out in a typical three-electrode cell equipped with Glassy Carbon or Ni foam as the working electrode and a platinum wire as the counter electrode. As reference electrode a silver-silver chloride (Ag/AgCl (3M) ) were used. All potentials were converted referring to the oxygen evolution overpotential. Measurements were performed on a Gamry model 1010 potentiostat/galvanostat. Linear sweep voltammetry (LSV) measurements were carried out at 1 mV•s −1 in a previously N 2 purged 1 M NaOH aqueous solution.
Electrochemical Surface Area (ECSA) was obtained by measuring the current associated with double-layer capacitance from the scan-rate dependence of cyclic voltammetry curves. The ECSA was measured on the working electrodes after LSV measurement. The potential range used for the cyclic voltammetry curves was 0.2-0.3 V versus Ag/AgCl (3M) . The scan rates were 5, 10, 20 and 50 mV s −1 . The double-layer capacitance was calculated by plotting the ja−jc (anodic versus cathodic currents) at 0.25 V versus Ag/AgCl (3M) against the scan rate. ECSA was measured in an Autolab PGSTAT 128N potentiostat/galvanostat. Abbreviations: After an exfoliation process on LDHs with several hundreds of nanometers in size, it is typical the break of the crystals into smaller ones. 2, 4 In order to demonstrate that these smaller and broken crystallites keep intact their crystallinity, we have performed the restacking of the LDH nanosheets from the dispersions and we characterized them via XRPD and FTIR. To do so, the To demonstrate the stability of the nanosheets against reaggregation and degradation we have measured the extinction spectra of the CoAl-CO 3 nanosheets immediately after they were prepared as well as for a number of days afterwards. As seen in the figure above there is no obvious change in the shape in the spectra for wavelengths > 350 nm demonstrating that the nanosheets aren't reaggregating. 5 As well as this, the intensity of the spectra doesn't seem to be affected showing that there is no degradation occurring either. 6 DLS and Tyndall effect:
DLS was carried out 3 days after the exfoliation process. commonly results in very low average height statistics since the amount of these small particles is higher than the well-defined ones but also, to misleading results since aggregates from the solvent or other impurities could be counted as exfoliated material. Therefore, all the particles included in Figure 3 in the main text were selected in regard to their well-defined contour, ensuring the reliability of the measurement.
Regarding the non-exfoliated or low exfoliated material, it is difficult to differentiate between both as during the drop casting process, the material aggregates and stacks in an uncontrollable manner. Nevertheless, sometimes it is possible to differentiate them and further analysing the results, we can divide the exfoliated material into 3 main ranges. The first would be the aforementioned, comprising small and thin particles (<5 nm thick and ~40 nm in lateral dimensions). The second range of exfoliated material covers from 5 to 30 nm with well-defined thin flakes, and lateral dimensions of around 400 nm. Finally, a small amount of low exfoliated material can be found with particles higher than 40 nm and lateral dimensions bigger than 500
nm. Furthermore, it must be stressed that the measurements do not show low exfoliated material higher than 100 nm and if traces of big stones are found, they correspond to aggregates.
AFM picture of CoAl-CO 3 sample with small particles (9.1 nm), bigger exfoliated particles (19.93 nm) and low exfoliated material (80 nm).
AFM picture of CoAl-CO 3 sample with small particles (10.6 nm), bigger exfoliated particles (22.1) and
aggregates (80 nm).
The aggregated material has not been considered in the average thickness, as it would also lead to 
